The hypothesis examined in this study is that iodide reabsorption is chiefly passives occurring in the same portions of the nephron as the reabsorption of chloride and other small monovalent anions, with the ratio of the permeability of the tubule to iodide to its permeability to chloride a constant. If this were true, iodide clearance and chloride clearance would be interrelated in a uniform manner, and it should be possible to predict iodide clearance from chloride clearance. Furthermore, the relationship between the two clearances should be independent of the plasma level of either halide.
The hypothesis examined in this study is that iodide reabsorption is chiefly passives occurring in the same portions of the nephron as the reabsorption of chloride and other small monovalent anions, with the ratio of the permeability of the tubule to iodide to its permeability to chloride a constant. If this were true, iodide clearance and chloride clearance would be interrelated in a uniform manner, and it should be possible to predict iodide clearance from chloride clearance. Furthermore, the relationship between the two clearances should be independent of the plasma level of either halide.
To test this hypothesis, observations have been made of simultaneous iodide and chloride clearances, varied over a wide range in individual experiments. Many different agents, singly and in combination, were employed to induce variations in halide clearance and plasma halide levels.
In analyzing the results, it is desirable to use a simple mathematical model of the relationship between the two clearances and to ascertain whether this relationship is altered by the experimental manipulations. Such a model should have some theoretical support and should also give a good fit to the data. For passively reabsorbed solutes, a major determinant of clearance is the rate of water reabsorption, because one of the driving forces for solute reabsorption is the rise in tubular concentration produced by water removal. Changes in outflow of water are therefore accompanied by like changes in the outflow of such solutes. In mathematical models of uniform segments, the excreted/ filtered fractions of two such solutes are nearly constant powers of one another when the rate of water reabsorption changes (3) . This is true whether water reabsorption is linear or exponential with length.
Besides variations in water reabsorption, variations in inflow and changes in the transtubular electrical potential difference can presumably cause changes in the clearances of passively reabsorbed ions. It is not certain whether the power function relationship would be followed under these circumstances. However, the effects of changes in water reabsorption on clearances are probably more important.
Therefore the mathematical model used to analyze the results was simply, excreted/filtered I = (excreted/filtered Cl-) k, where k is a constant. By fitting the results to a constant value for k in each experiment, rather than a constant value in each dog or a single value for all dogs, it becomes possible to allow for variation in this quantity from subject to subject and also from experiment to experiment in a single subject. Only when this was done could a reasonable fit of the data to this model be obtained. Methods
Twenty-nine experiments were performed on 13 female mongrel dogs anesthetized with sodium pentobarbital, 30 mg per kg. Before half of the experiments, salt depletion was induced by one or more of the following measures: feeding a low sodium diet (Lonalac) for several days, giving chlorothiazide (0.5 g) 1 or 2 days beforehand, or infusing an isosmotic solution containing mannitol and sodium sulfate at 1 to 2 ml per minute per kg for several hours. At least 1 week elapsed between successive experiments in a single dog. Residual plasma or urine radioactivity at the start of the experiments was negligible. Priming doses and a constant infusion of inulin and radioactive iodide (I', carrier-free, kept in sodium bisulfite solution until use) were given in each experiment. The technique of collection of samples and the analytical methods are described elsewhere (4, 5) . The composition of the infusions is shown in Table I . Carrier-free radioactive bromide was also given in 12 of these experiments. I' was determined in these instances after Br' had decayed to negligible levels.
Filtered iodide was calculated as plasma I'3 times inulin clearance. In five plasma samples from these experiments subjected to ultrafiltration (6), protein-binding of iodide was negligible, in confirmation of previous reports (7) (8) (9) . The results were analyzed statistically as follows.
It was assumed that the ratio log (excreted/filtered I)/ log(excreted/filtered Cl) has a characteristic value in each experiment, independent of the excreted/filtered fractions themselves. Experimental variables such as infusion rates, plasma composition, urine flow, and filtration rate were considered to affect this ratio as multiple simul- For the first, a rising score was assigned based upon the infusion rate and the number of periods during which the infusion was given. For the second regressor, a score was assigned after the infusion was stopped for the waning effect of the infusion. For example, if sulfate was given moderately rapidly for four periods, and then stopped while five more periods were obtained, the ongoing scores (first regressor) for sulfate were assigned values of 1, 2, 3, 4, 4, 4, 4, 4, 4, whereas the waning effect (second regressor) of sulfate was scored as 0, 0, 0, 0, 1, 2, 3, 4, 4 in the nine periods, respectively. Thus, if the ongoing effect of sulfate (per period infused) on the discrimination factor were + 0.01, and if the waning effect were of the same magnitude but opposite in sign, the net effect in each period would be + 0.01, 0.02, 0.03, 0.04, 0.03, 0.02, 0.01, 0.00, 0.00. On the other hand, if the effect of sulfate waxed more rapidly than it waned, some effect would persist throughout the experiments. Although the procedure followed for assigning scores to the individual regressors suffers from the lack of a rigorous basis for infusions such as sulfate, it clearly represents an improvement over simply separating periods into those with and those without a given infusion. There are many experimental variables that cannot be introduced in a square wave fashion into the whole animal. Furthermore, if the magnitude of a regressor can be varied within studies as well as between studies, a more reliable estimate of its effect can (in theory) be obtained.
In analyzing this sort of experimental situation in which regressors vary both between and within studies, it is difficult to obtain a reliable estimate of the study-tostudy variance component. This is needed in making a weighted combination of between-and within-study regressions. The calculations involved are too extensive to be practicable by ordinary means, but are readily performed by high speed computer. A method for this analysis using a computer program was developed and was used in this work (10) .
Periods in which excreted/filtered chloride was less than 0.002 were considered separately and were not subjected to statistical analysis, because of the possibility of a small amount of contamination with blood leading to spurious estimates of iodide-chloride discrimination in these samples. Obviously such contamination could only increase the clearance ratios of both ions, so that the true values could have been lower, but not higher, than the measured values. Groups of collection periods in which glomerular filtration rate was less than 2 ml per minute per kg were discarded, as were any grossly bloody urine samples. The infusions were classified in two groups: those intended only to augment salt excretion or urine flow, including mannitol, hypertonic glucose, and saline; and those with possible effect upon iodide-chloride discrimination, including acid, bicarbonate, and foreign anions. The multiple regression analysis included these latter agents and also urine flow, filtration rate, and plasma chloride concentration.
Results
The relationship between iodide and chloride clearance. Representative experiments are shown in Tables II to IV. In the experiment shown in Table II ance. The results of these observations are summarized in Figure 4 . Much lower iodide clearances were noted when the chloride excretion fraction was below 0.002. In two experiments, iodide clearance became less than chloride clearance. In three osmotic diuresis experiments, urine-toplasma concentrations ratios for iodide of less than 0.01 were noted, the lowest value being 0.0015. One such experiment is shown in Table V . As indicated above, the true clearance ratios may have been even lower than those shown.
As Rector and Clapp ( 11 ) have pointed out, the lowest urine-to-plasma ratio consistent with passive back diffusion for a monovalent anion is approximately 0.01. These results therefore establish the existence of active transport of the last traces of iodide, if active transport is defined as movement against an electrochemical gradient between urine and plasma. Since there is little or no correlation between chloride and iodide clearance shown in Figure 4 , the active transport mechanism for iodide is evidently not the same as that described for chloride (11).
Variables affecting iodide-chloride discrimination. The results of the statistical analysis are summarized in Table VI same experiments indicated that none of these relationships approached the degree of uniformity seen in the relationship with chloride clearance. For example, sulfate infusion was often accompanied by high flow and high cation clearances but extremely low clearances of iodide and chloride.
Discussion
The mechanism of renal excretion of iodide and its relationship to that of chloride has been a subject of some controversy. A reduction in iodide excretion in dogs depleted of chloride was noted in 1911 (12) . A preliminary report by Riggs (13) confirmed this conclusion in dogs, but such was said not to be the case in man (14) . Bricker and Hlad (15) (16) administered NaCl, NaClO4, NaI, NaBr, NaHCO3, choline iodide, or Na2S2O3 to rats given Il-i subcutaneously.
All of these salts except Na2S2O, increased I'31 excretion, urine flow, and possibly chloride excretion. Filtration rates were not measured. They concluded that iodide reabsorption is both passive and active, being capable of saturation by iodide and inhibition by other anions. Stop-flow analysis indicates that iodide is reabsorbed in the same regions as chloride, although less completely (17) . Injected radioiodide gains access to the tubular fluid from the peritubular capillaries less readily than does bromide (18 Saugman reported 60 simultaneous observations of iodide and chloride excretion fractions in dogs, but did not plot one against the other. The discrimination factor calculated from his data (neglecting flow or any other regressors) is 0.398 + 0.058 (SD), a value consistent with the present data.
Thus, wherever definite data are available, the power function relationship between iodide and chloride clearance provides an adequate description of the results. It appears that iodide clearance relative to chloride clearance is greater in man than in dogs, and the possibility of iodide secretion in this species has not been eliminated.
These findings provide support for the report of Isler (21 ) that thyroid function may be correlated with salt intake, and emphasize the importance of taking salt excretion into account in evaluating the thyroid uptake or urinary excretion of administered doses of radioiodide. Within the usual range of variation in chloride excretion, this effect may be small, but during severe salt restriction (or retention) with excreted/filtered chloride ratios less than 0.002, iodide may virtually disappear from the urine, at least in the dog (Figure 4) .
A relationship between iodide transport in the thyroid and in the kidney is not supported by these studies, at least as far as the major portion of iodide reabsorption is concerned. Neither thiocyanate nor perchlorate administration affected iodide-chloride discrimination, nor did iodide loading. Thus the reported effects of these agents on iodide clearance (16, 22) may be a result of effects on fluid reabsorption or electrical potential, thereby increasing the clearances of all monovalent anions, rather than an indication of specific inhibition of iodide transport.
On the other hand, the mechanism responsible for the active reabsorption of the last traces of iodide, which becomes apparent only at very low chloride clearances, may well exhibit some of the properties of the thyroidal transport system. We have recently reported (5) The relationship is linear on logarithmic coordinates, and the ratio approaches a limiting value of unity. the rate of tubular reabsorption of water or in the transtubular electrical potential gradient also tends to increase the excretion fractions of all. Although chloride has no more primary role than any other anion in this scheme, it is the most conveniently measured. When iodide or bromide (4) clearance is viewed in the light of this parameter, many of the agents previously found to augment these clearances are seen to have nonspecific effects on monovalent anions in general, probably by means of one of the above mechanisms.
Bicarbonate, like sulfate or phosphate, cannot be considered a passively reabsorbed anion, since its removal is clearly limited by a maximal rate. These anions removed by pump mechanisms therefore show no consistent relationship to the simultaneous clearances of halides.
Summary
Simultaneous clearances of inulin, chloride, and radioiodide, during constant infusion of the latter, were measured in dogs salt depleted or infused with solutions of glucose, mannitol, NaCl, Na2SO4, NaHCO3, HCl, NaI, NaBr, NaSCN, NaNO3, NaClO4, or combinations of these. The data were examined to determine whether they were consistent with the possibility that iodide and chloride are passively and coextensively reabsorbed, with the ratio of the tubular permeabilities to the two ions unchanging along the length of the tubule.
If this were the case, log (excreted/filtered I) Aog (excreted/filtered Cl) = k should be nearly constant, at least in individual experiments. The calculated discrimination factor k was independent of plasma chloride or iodide levels, filtration rate, or the administration of these infusions. Increasing flow decreased k indicating the iodide clearance varies slightly with flow independently of chloride clearance. For all of the experiments, k = 0.468 -0.7 (flow/glomerular filtration rate). In individual experiments, values of iodide clearance predicted in this manner from chloride clearance and urine flow were closely correlated with observed iodide clearance. These results are thus consistent with the hypothesis. However, at very low excretion fractions of chloride (< 0.002), active transport of iodide became apparent, and iodide reabsorption in some instances was more nearly complete than chloride reabsorption.
